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ERINACIN, AN ANTIHAEMORRHAGIC FACTOR 
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'Zenirum der Rechtsmedizin, University of Frankfurt. Kennedyallee I04. D-60596. Frankfurt. 
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D. Mebs, T. Omori-Satoh, Y. Yamakawa and Y. Nagaoka. Erinacin, an 
antihaemorrhagic factor from the European hedgehog, Erinaceus europaeus. 
Tax icon 34, 1313-1316, 1996— An antihaemorrhagic factor named erinacin 
was -purified- from the skeletal muscle extract of the European hedgehog, 
Erinaceus europaeus. by ammonium sulfate precipitation followed by various 
steps of ion-exchange (DEAE-cellulose), absorption chromatography (hy- 
droxylapatite), and gel filtration (cellofine gel). A 625-fold purification was 
achieved with an overall yield of 19% antihaemorrhagic activity. The protein 
effectively inhibited the activity of Bothrops jararaca venom haemorrhagin 
and did not inhibit the enzymatic activity of trypsin and chymotrypsin. 
Erinacin is a large molecule (about 1,000,000 mol. wt). Sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis revealed the presence of two 
subunits: one with an apparent mol. wt of 35,000 forming a larger subunit 
(350,000) by cross-linking with disulfide bridges, and a second with a mol. 
wt of 39,000 without disulfides. Dissociation of erinacin into its subunits 
resulted in complete loss of its antihaemorrhagic activity. Copyright ;r < 1996 
Elsevier Science Ltd 



INTRODUCTION 

Proteins inhibiting the activity of snake venom haemorrhagins have been detected in the 
blood of venomous and non-venomous snakes, as well as various mammals (Domont 
e\ a/., 1991). From the plasma of the European hedgehog, which occasionally feeds on 
vipers {Vipera sp.) and which seems to be resistant to their venoms, an antihaemorrhagic 
factor also exhibiting proteinase inhibitor activity has been isolated and characterized to 
be a /?-macroglobulin with a mol. wt of 700,000 (De Wit and Westrom, 1987a, b). Similar 
activity inhibiting haemorrhagins in several venoms from snakes such as Bins sp., Bothrops 
asper and Bothrops jararaca. Vipera berus and Vipera latastei has been found in skeletal 
muscle extracts of the hedgehog (Omori-Satoh et a!., 1994). 

This report describes the purification of this antihaemorrhagic factor, named erinacin, 
and its subunit composition. 
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MATERIALS AND METHODS 

Hedgehogs ( lytmtt fus cnntfnti'tts) which were found dead on roads (killed 5 f> hr before) ;iround Frankfurt 
(Germany! were used. Muscle sumplcs were excised, homogenized in physiological saline using a blender and 
centrifuged. and the supernaiant was lyophili/ed. The minimum haemorrhagic dose (MHD> producing a 
hemorrhagic spot of 10 mm diameter in depilated rabhil skin was assayed according to the method of Rondo 
cf at. (IWiO) using crude venom from B. jararma {MHD 0.082 ugj. A dose of 25 MHD was incubated with 
varying amounts of muscle extracts or its fractions in 0.5 ml (0.01 M phosphatc-buO'ered saline, pH 7.0) at room 
temperature for I hr. and 0.2 ml of the mixture ( 10 MHD of venom) was tested: the antihaemorrhagic dose was 
defined as the amount of material Img) inhibiting 10 MHD of the venom. 

RESULTS AND DISCUSSION 

Purification of the antihaemorrhagic factor erinacin 

The lyophilized muscle extract was dissolved in 0.05 M phosphate buffer, pH 7.4, 
containing 0.15 M NaCI. and centrifuged. and 50 ml of saturated ammonium sulfate 
solution was added to the supernatant (100 ml). The precipitate, dissolved in 0.05 M 
Tris-HCI buffer. pH 8.5, and dialysed against the same buffer, was applied to a 
DEAE-cellulofine column eluted with a linear gradient of NaCI (0.3 M). The fractions 
exhibiting antihaemorrhagic activity were further separated on a hydroxylapatite column 
eluted with a linear gradient of phosphate buffer (0.01-0.3 M. pH 7.0). Final purification 
was achieved by gel -miration on a ce'luiine GCL-2000 superfine column {-Fig. ! ). Erinacin 
was obtained with an overall yield of 19% of antihaemorrhagic activity, purified 625-fold. 
The prepajytionjvas homogeneous in rx)lyaory!amide ge] elec^ophores|sJ PAGE) and gel 
high-performance liquid chromatography (HPLC). The molecule is stable, and no Wof 
activity was observed when stored in solution at 4 C. which is in contrast to observations 
on the plasma antihaemorrhagic factor described by De Wit and Westrom (1987b). 

Molecular weight and suhunit composition of erinacin 

In gel filtration erinacin behaved as a large molecule eluting slightly faster than 
immunoglobulin M (900.000 mol. wt). suggesting a mol. wt of about 1,000.000. In sodium 

Purification 
Extract 1 



Ammonium sulfate 
precipitation 3 

I 

DEAE-cellulofine 50 



Hydroxylapatite 317 

Cellufine GCL-2000 625-fold 

Fig. I. Purification of the antihaemorrhagic factor erinacin from skeletal muscle extract of the 
Kuropean hedgehog. ICruufvcus ntm/uu'iis. 
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dodecyl sulfate (SDS)-PAGE under reducing conditions (marcaptoethanol) two bands 
corresponding to 35,000 and 39.000 mol. wt. respectively, occurred, indicating that erinacin 
consists of two polypeptide subunits. 

After exposure to 6 M guanidine-HCl the protein dissociated into two components 
separated by gel HPLC: SI and S2, in a ratio of 1:2 (protein amount). This treatment 
caused complete loss of antihaemorrhagic activity, which was not restored by combining 
the. fractions. Whereas the mol. wt of S2 was calculated to be about 350.000. that of si 
was estimated to be 39,000. By reducing the disulfide bonds in S2, components exhibiting 
a mol. wt of 35.000 were obtained in SDS-PAGE. 

From these data it is concluded that erinacin is a complex of various subunits: two 
identical molecules (S2) consisting of ten subunits (each of mol. wt 35.000). which are 
cross-linked by disulfide bridges, and ten smaller subunits (SI. mol. wt 39,000). 
Altogether. SI (390,000) and 2 x S2 (350,000) amount to a total mol. wt of 1.090.000. 
The antihaemorrhagic factor from the hedgehog plasma, characterized as /J-macroglobu- 
lin, had also been found to have a mol. wt of 700.000 and was supposed to consist of two 
types of subunits with mol. wts of 34.000 and 39,000 (De Wit and Westrom, 1987b). 



inhibition of proteinase activity 

When erinacin was preincubated with TPCK-trypsin or chymotrypsin in a molar ratio 
of 1:1. inhibition.of esterolytic activity.of both enzymes was observed (TAME and 6TEE_ 
as substrates). 



CONCLUSION 

Erinacin is an exceptionally large molecule with a complex subunit composition. It is 
not related to other antihaemorrhagic factors isolated so far. such as from snake serum 
(Trimeresurus fiavoviridisY which belongs to the cystatins (Yamakawa and Omori-Satoh. 
1992), from opossum serum (Didelphis virginiana). a protein similar to human 
alB-glycoprotein (Catanese and Kress. 1993). or from mongoose serum (Herpestes 
eilwardsii). which exhibits sequence homology to oprin (Qi et <//., 1995). However, it may 
be related to the antihaemorrhagic factor found in the plasma of the hedgehog. Studies 
are in progress to elucidate the structural basis of the antihaemorrhagic activity of this 
peculiar molecule. 
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